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Antimicrobial resistance has become a global concern1

and impacts both veterinary medicine and public
health through the potential for therapeutic failures.
Antimicrobial resistance among bacterial isolates from
animals is also of concern because of the potential for
these organisms to be food borne2 or zoonotic3 pathogens
or to be donors of resistance genes to human pathogens.4

There is little information available on bacterial isolates
from healthy animals on US farms across a wide geo-
graphic area that use various production practices. 

The purpose of the study reported here was to
evaluate the susceptibility patterns of Salmonella iso-
lates from cattle in feedlots throughout the United

States. The determination of susceptibility patterns of
isolates from this study will be critical for the identifi-
cation of trends of antimicrobial resistance among
Salmonella isolates in the future.

Materials and Methods
Sample source—As part of the USDA-Animal and Plant

Health Inspection Service National Animal Health
Monitoring System’s Cattle on Feed Evaluation (NAHMS
COFE) conducted in 1994, a convenience sample of 100 feed-
lots was selected for sample collection to determine the preva-
lence of Salmonella spp shedding in feces of feedlot cattle.5

Briefly, 25 fecal samples were collected from the pen floor in
each of 2 pens of cattle in each feedlot. The pen of cattle that
had occupied the feedlot the shortest amount of time and the
pen of cattle that had occupied the feedlot the longest amount
of time were selected for sampling. Samples (approximately
30 g) were collected into sterile centrifuge tubes and shipped
with cold packs overnight to the laboratory.

Bacteriologic culture—Culture methods for Salmonella
organism isolation were used, as described.5 All Salmonella
isolates were serogrouped and subsequently serotyped at the
National Veterinary Services Laboratories (NVSL) in Ames,
Iowa. From this study, 280 Salmonella isolates of various
serotypes were recovered. Susceptibility testing was per-
formed on 263 of the isolates (17 isolates were lost on repas-
sage). These isolates were from fecal samples collected from
the floors of 38 cattle pens in 37 feedlots in 8 states. 

Susceptibility testing—The susceptibility of each of the
isolates was tested as part of a larger National Antimicrobial
Resistance Monitoring System for enteric bacteria.a A semiauto-
mated systemb was used to test the susceptibility of each of the
isolates to a custom-made panel of 16 antimicrobials.
Concentrations for all antimicrobials used in testing the isolates
are listed (Appendix). Because established breakpoints for
Enterobacteriaceae in veterinary medicine are lacking for some
antimicrobials,6 where appropriate, breakpoints established for
human medicine were used to classify the isolates as susceptible,
intermediate, or resistant.7 Salmonella ser Typhimurium isolates
(including var Copenhagen) that were resistant to ampicillin,
sulfamethoxazole, and tetracycline were further tested by use of
a minimum inhibitory concentration (MIC) panel that was cus-
tom-made for this laboratory. This panel was used to determine
whether the S Typhimurium isolates (including var
Copenhagen) were also resistant to chloramphenicol and strep-
tomycin. The penta-resistance pattern (ampicillin, chloram-
phenicol, streptomycin, sulfonamides, and tetracycline) has
been associated with an epidemic strain of S Typhimurium
DT104 seen in Europe and elsewhere.8 Isolates that possessed
the penta-resistance pattern were phage typed at the NVSL to
determine whether they were S Typhimurium DT104.

Data source—Data on animal demographics in the pens
sampled and on components of the ration being fed were col-
lected when fecal samples were collected.9

Data analysis—For the purpose of analysis, isolates that
were intermediate in their susceptibility were classified as
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susceptible. In addition to determining the percentage of iso-
lates that were resistant to each of the antimicrobials, the per-
centage of isolates that were resistant to multiple (2 or more)
antimicrobials was calculated. Among those isolates that
were resistant to multiple antimicrobials, the most common
patterns of resistance were determined.

To assess the relationship between susceptibilities to
various antimicrobials, κ values were calculated for each pair
of antimicrobials tested.10 Kappa values are measures of
agreement in excess of that expected by chance and can
range from –1.0 to 1.0. Kappa values > 0.60 were considered
to be indicative of substantial agreement.11

A lack of an association between the recovery of
Salmonella spp in the NAHMS COFE and the feeding of antimi-
crobials to cattle has been reported.12 In this study, we describe
the prevalence of resistance to each of the antimicrobials for
isolates from pens that were receiving antimicrobials in the feed
at the time of sampling, compared with those that were not.

Results
With the exception of sulfamethoxazole and tetra-

cycline, < 5% of the isolates, regardless of serotype,
were resistant to each of the antimicrobials (Table 1).
For sulfamethoxazole 5.7% (n = 15) of the isolates and
for tetracycline 23.2% (61) of the isolates were resis-
tant, regardless of serotype. 

Most isolates (74.9%; n = 197) were susceptible to
all antimicrobials tested (Table 2). An additional
18.3% (n = 48) were resistant to a single antimicrobial.
The remaining isolates (6.8%; n = 18) were resistant to
from 2 to 7 of the antimicrobials. There were 1.1% (n
= 3), 2.3% (6), 0.0% (0), 2.3% (6), 0.8% (2), and 0.4%
(1) of isolates that were resistant to 2, 3, 4, 5, 6, or 7
antimicrobials, respectively. 

Among the isolates that were resistant to 2 or more
antimicrobials, the most common pattern of resistance
was to ampicillin, neomycin, sulfamethoxazole, tetra-
cycline, and ticarcillin representing 1.9% (n = 5) of the
isolates (Table 2). All other combinations of multiple
resistance represented ≤ 1.5% of the isolates.

Overall, 5 of the S Typhimurium (including var
Copenhagen) isolates had a multiple resistance pattern

that included ampicillin, chloramphenicol, strepto-
mycin, sulfamethoxazole, and tetracycline. By phage
typing, none of these isolates were identified as S
Typhimurium DT104.

Salmonella isolates from 25 serotypes were tested
(Table 3). Isolates of 13 serotypes were pan-suscepti-

Antimicrobial Susceptible Intermediate Resistant

Ami 100.0 0.0 0.0
Amox/Clav 97.0 2.3 0.8
Amp 96.2 0.0 3.8
Apr 99.6 0.0 0.4
Cefo 99.6 0.4 0.0
Ceft 99.6 0.0 0.4
Ceph 98.1 0.4 1.5
Cip 100.0 0.0 0.0

Gent 99.6 0.4 0.0
Neo 96.2 0.0 3.8
Pip 97.0 1.9 1.1
Sulfa 94.3 0.0 5.7
Tet 75.3 1.5 23.2
Tic 96.2 0.4 3.4
Tic/Clav 97.7 1.1 1.1
Trim/Sulfa 99.2 0.0 0.8

Ami = Amikacin. Amox/Clav = Amoxicillin-clavulanic acid. Amp = Ampicillin.
Apr = Apramycin. Cefo = Cefotaxime. Ceft = Ceftiofur. Ceph = Cephalothin. Cip
= Ciprofloxacin. Gent = Gentamicin. Neo = Neomycin. Pip = Piperacillin. Sulfa
= Sulfamethoxazole. Tet = Tetracycline. Tic = Ticarcillin. Tic/Clav = Ticarcillin-
clavulanic acid. Trim/Sulfa = Trimethoprim-sulfamethoxazole.

Table 1—Percentages of Salmonella isolates from feedlot cattle
susceptible or resistant to various antimicrobials

Salmonella iissoollaatteess

TTeesstteedd SSuusscceeppttiibbllee
RReessiissttaannccee  ppaatttteerrnn  ((NNoo..))  ((%%))

None (susceptible to all antimicrobials) 197 74.90
Tet 46 17.49
Amp, Neo, Sulfa, Tet, Tic 5 1.90
Neo, Sulfa, Tet 4 1.52
Sulfa, Tet 3 1.14 
Amp, Pip, Sulfa, Tet, Tic, Tic/Clav 2 0.76
Amp, Neo, Pip, Sulfa, Tic, Tic/Clav, Trim/Sulfa 1 0.38
Amox/Clav, Amp, Ceft, Ceph, Trim/Sulfa 1 0.38
Amox/Clav Ceph Tet 1 0.38
Amp, Ceph, Tic 1 0.38
Apr 1 0.38
Ceph 1 0.38

TToottaall 226633 110000

See Table 1 for key.

Table 2—Resistance patterns among 263 Salmonella isolates
from the National Animal Health Monitoring System’s Cattle on
Feed Evaluation study

Total isolates Resistant
Serotype (No.) (No.) Resistance profile

Albany 3 0 N/A
Anatum 76 30 Tet

1 Apr
1 Amox/Clav, Ceph, Tet

Bietri 1 0 N/A
Cerro 5 0 N/A
Cubana 1 0 N/A
Derby 1 1 Sulfa, Tet
Dublin 5 1 Amp, Neo, Sulfa, Tet, Tic 
Havana 2 1 Neo, Sulfa, Tet

I-Monophasic 2 0 N/A
Infantis 1 0 N/A
Java 8 0 N/A
Javiana 4 0 N/A
Kentucky 23 5 Tet
Lille 7 4 Tet
Livingstone 1 0 N/A
Mbandaka 11 1 Ceph

2 Tet
Monophasic 5 1 Amp, Ceph, Tic
Montevideo 35 1 Tet

1 Amp, Neo, Sulfa, Tet, Tic
1 Amox/Clav, Amp, Ceft, Ceph, 

Trim/Sulfa 

Muenster 33 0 N/A
Newington 12 0 N/A
Reading 5 4 Tet
Schwarzengrund 1 0 N/A N/A
Senftenberg 4 0 N/A
Thomasville 5 2 Sulfa, Tet
Typhimurium 12 1 Amp, Neo, Pip, Sulfa, Tic, 

Tic/Clav, Trim/Sulfa 
2 Amp, Pip, Sulfa, Tet, Tic, 

Tic/Clav  
3 Neo, Sulfa, Tet
3 Amp, Neo, Sulfa, Tet, Tic

TToottaall 226633 6666

N/A = Not applicable. 
See Table 1 for remainder of key.

Table 3—Resistance of Salmonella isolates by serotype
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ble to the panel of antimicrobials tested. Isolates of 6
serotypes (Salmonella ser Anatum, Salmonella ser
Kentucky, Salmonella ser Lille, Salmonella ser
Mbandaka, Salmonella ser Montevideo, and
Salmonella ser Reading) were resistant to only 1
antimicrobial. Multiple resistance was observed
among isolates of 8 serotypes (S Anatum, Salmonella
ser Derby, Salmonella ser Havana, Salmonella ser
Monophasic, S Montevideo, S Typhimurium, 
S Dublin, and S Thomasville). For 7 serotypes, there
were 10 or more isolates of each serotype. Among
these, the percentage resistant to 1 or more antimi-
crobials ranged from 0% (0/33 Salmonella ser
Muenster, 0/12 Salmonella ser Newington) to 75%
(9/12 S Typhimurium isolates). Serotypes with the
most resistance were S Typhimurium (75.0%; n = 9),
S Anatum (42.1%; 32), and S Kentucky (21.7%; 5). 

Kappa values were > 0.60 for the combinations
of amoxicillin-clavulanic acid and ceftiofur, amoxi-
cillin-clavulanic acid and cephalothin, ampicil-
lin and sulfamethoxazole, ampicillin and ticarcil-
lin, ceftiofur and trimethoprim-sulfamethoxazole,
neomycin and sulfamethoxazole, neomycin and
ticarcillin, piperacillin and ticarcillin-clavulanic
acid, and sulfamethoxazole and ticarcillin (Table 4).
Other combinations represented less than substan-
tial agreement. In no instance was there a large neg-
ative κ value.

One hundred thirty-two (50.2%) isolates came
from pens (n = 21) in which cattle were receiving 1 or
more antimicrobials in their feed, whereas 131 (49.8%)
came from pens (30) in which no antimicrobial was
included in the feed. The antimicrobial resistance pro-
file for isolates collected from pens of cattle currently
receiving antimicrobials was not remarkably different
from those collected from pens not receiving antimi-
crobials (Table 5). Within categories of type of antimi-
crobial in the ration, isolates that were resistant to mul-
tiple antimicrobials were counted for each antimicro-
bial to which resistance was detected. The percentage
of isolates resistant to each of the antimicrobials was
similar for each category, with the exception of
neomycin and tetracycline. More isolates were resistant
to these antimicrobials when they were obtained from
pens of cattle not fed antimicrobials at the time of sam-
pling.

Discussion
Most of the Salmonella isolates from our study

(74.9%) were susceptible to all of the antimicrobials
tested. When resistance was evident, it generally
involved tetracycline or sulfamethoxazole either indi-
vidually or together. Despite the use of tetracycline as
a primary therapeutic in beef feedlots and the historic
use of tetracycline as a growth promotant, only 23.2%
(n = 61) of Salmonella isolates were resistant to tetra-
cycline. From other data collected during the NAHMS
COFE it was estimated that 70.4% of large feedlots
(capacity of 1,000 or more head of cattle) used some
antimicrobials in the feed, and 3.6% used antimicro-
bials in the water.13 Fewer of the smaller feedlots
(capacity of < 1,000 head of cattle) used antimicrobials
in the feed (24.8%) or water (1.4%). Overall, 54.7% of
cattle placed on feed in feedlots (large or small)
received some antimicrobials in the feed, whereas only
0.4% received antimicrobials in the water. Of those
large feedlots that used any antimicrobials in the feed
or water, 45.8% used some chlortetracycline, 26.6%
used some chlortetracycline with sulfamethazine,

AAmmooxx// TTiicc//  TTrriimm//
AAnnttiimmiiccrroobbiiaall CCllaavv  AAmmpp  AApprr  CCeefftt  CCeepphh  NNeeoo  PPiipp  SSuullffaa  TTeett    TTiicc CCllaavv    SSuullffaa    

Amox/Clav – 0.156 –0.005 0.665 0.663 –0.013 –0.009 –0.014 0.017 –0.013 –0.009 0.496  
Amp – – –0.007 0.176 0.270 0.584 0.452 0.623 0.141 0.945 0.452 0.325  
Apr –  – – –0.004 –0.006 –0.007 –0.006 –0.007 –0.008 –0.007 –0.006 –0.005  
Ceft – – – – 0.396 –0.007 –0.006 –0.007 –0.008 –0.007 –0.006 0.665  
Ceph – – – – – –0.022 –0.013 –0.025 0.002 0.136 –0.013 0.327  
Neo – – – – – – 0.139 0.790 0.201 0.618 0.139 0.156  
Pip – – – – – – – 0.320 0.042 0.491 1.000 0.394  
Sulfa – – – – – – – – 0.305 0.652 0.320 0.106  
Tet – – – – – – – – – 0.149 0.042 –0.015  
Tic – – – – – – – – – – 0.491 0.172  
Tic/Clav – – – – – – – – – – – 0.394  
Trim/Sulfa – – – – – – – – – – – –  

– = Not applicable.
See Table 1 for remainder of key.

Table 4—Kappa values as measures of agreement for resistance between antimicrobials

Other Any No 
Tetracycline antimicrobial antimicrobial antimicrobial

Antimicrobial (n = 21*) (n = 122) (n = 132) (n = 131)

Ami 0 0 0 0
Amox/Clav 0 1 (0.8%) 1 (0.8%) 1 (0.8%)
Amp 1 (4.8%) 3 (2.5%) 4 (3.0%) 6 (4.6%)
Apr 0 1 (0.8%) 1 (0.8%) 0
Cefo 0 0 0 0
Ceft 0 0 0 1 (0.8%)
Ceph 0 1 (0.8%) 1 (0.8%) 3 (2.3%)
Cip 0 0 0 0

Gent 0 0 0 0
Neo 1 (4.8%) 1 (0.8%) 2 (1.5%) 8 (6.1%)
Pip 0 2 (1.6%) 2 (1.5%) 1 (0.8%)
Sulfa 1 (4.8%) 6 (4.9%) 7 (5.3%) 8 (6.1%)
Tet 3 (14.3%) 26 (21.3%) 28 (21.2%) 33 (25.2%)
Tic 1 (4.8%) 3 (2.5%) 4 (3.0%) 5 (3.8%)
Tic/Clav 0 2 (1.6%) 2 (1.5%) 1 (0.8%)
Trim/Sulfa 0 0 0 2 (1.5%)

*Total number of Salmonella isolates tested from each of the feed antimi-
crobial management systems. The any antimicrobial category contains all
isolates from the tetracycline group and other antimicrobial groups. Some
isolates were from pens in which cattle were fed both tetracycline and
another antimicrobial. 

See Table 1 for remainder of key.

Table 5—Number (%) of Salmonella isolates resistant by antimi-
crobial and by antimicrobial in ration concurrently fed to cattle
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29.6% used some oxytetracycline, and 7.0% used some
tetracycline in the feed or water. (It should be stated
that these categories are not independent and feedlots
could have used more than 1 type of antimicrobial for
some of their cattle. Thus the sum of the percentage of
feedlots using various antimicrobials could exceed
100%. In addition, data were not collected on the num-
ber of cattle receiving each antimicrobial class, so any
feedlot using an antimicrobial for even a small number
of cattle will be reported as using that antimicrobial.)

This study did not allow the testing of the isolates
with a full-range MIC panel for each of the antimicro-
bials. However, the use of a breakpoint configuration
allows the general indication of where the MIC is like-
ly to be for the isolates. The reporting of the break-
points as resistant or not is not meant to imply that if
these particular organisms were causing disease in cat-
tle, they would be resistant (or not) to treatment. The
lack of established breakpoints in veterinary medicine
for some antimicrobial drugs impedes interpretation of
the likely clinical outcome following treatment in the
production environment. 

The serotypes associated with antimicrobial resis-
tance in cattle in other studies have been reported.14-16

Multiple resistance reported among Salmonella isolates
from beef cows appeared to be slightly higher15 while
multiple resistance among Salmonella isolates from
dairy cattle was slightly lower16 than was observed in
this study. As observed in this study, S Typhimurium
isolates tended to be resistant to more antimicrobials
than other serotypes.14,16 However, exceptions do
occur.15 Resistance patterns vary widely by
serotype14,15,16 and are dependent upon the source (ani-
mal species) and clinical status (diagnostic vs nondiag-
nostic submissions) of the Salmonella isolates. 

The serotypes most commonly recovered in the
NAHMS COFE were dissimilar to the most prevalent
serotypes seen in cow-calf operations15 or among
humans17 but were similar to those seen in dairy opera-
tions.16 The lack of detection of any S Typhimurium DT
104 isolates in this study suggests that the prevalence of
this organism in feedlot cattle at the time of our study
was low. However, because this study was limited to 1-
time sampling, these data may change over time.

From the NAHMS COFE study, it is apparent that
the prevalence of resistance among Salmonella isolates
from presumed healthy cattle in feedlots is low.
Further, antimicrobial resistance was not related to the
presence of antimicrobials being fed at the time of sam-
ple collection. Nonetheless, the prevalence of resis-
tance among Salmonella isolates from cattle and other
classes of animals should continue to be monitored to
detect changes in the MIC of these isolates and to allow
early interventions to mitigate adverse effects of these
organisms in cattle. Additionally, studies should be
designed to determine the effect of antimicrobial use in
feed on the development of resistance. In the mean-
time, prudent use of antimicrobials by veterinarians
and livestock producers will help to assure the contin-
ued efficacy and availability of antimicrobials.

aThe National Antimicrobial Resistance Monitoring System for
enteric bacteria is a collaborative effort among the FDA, the USDA,

and the Centers for Disease Control and Prevention to monitor
antimicrobial susceptibility of enteric bacterial isolates from ani-
mals and humans. 

bSensititre, TREK Diagnostic Systems Inc, Westlake, Ohio.
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Amikacin 16–32
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Ampicillin 16–32
Apramycin 8
Cefotaxime 8–32
Ceftiofur 2–4
Cephalothin 8–16
Ciprofloxacin 1–2
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Trimethoprim-sulfamethoxazole 2/38*

*For antimicrobial combinations, the numerator refers to the concentration
of the first antimicrobial, and the denominator refers to the concentration of
the second.

Appendix
Antimicrobials and concentrations tested
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